Two chest radiographs of each of 687 coal-face workers, obtained during two surveys two and a half years apart at eight pits in South Wales, have been assessed according to their technical quality as "acceptable", "black", "grey", or "white". The effect of variations in quality on the reading of the category of simple pneumoconiosis (independently carried out) is reported; the effect on change of category between the two surveys is considerable.
Readers of x-ray films have long appreciated that their interpretations are likely to be affected by the radiographic technique used, even within a range of film quality which would generally be quite acceptable. In pneumoconiosis, Fletcher and Oldham (1949) showed that "soft", underpenetrated films were read as showing too much abnormality, while the opposite was true of "hard", overpenetrated films. Since then readers have generally attempted to make allowances for these tendencies, but it is not known how well they succeed. The most common assumption is that the effect of bad technique will be either to increase the random observer error, or to introduce systematic bias over a short run of films. Since bad technique is remedied when it is observed, such biases will, in the long run, have the effect of contributing more random error.
Classification of Films According to
Technical Quality Two radiological surveys of the men in a set of eight pits have been used in an analysis of the progression of simple pneumoconiosis (Wise and Oldham, 1963 ). The quality of each film from these surveys, save for two pairs which were not available, was assessed independently of the amount of abnormality by an experienced radiographer and a physician interested in the standardization of technique. The films were assessed as "acceptable" (C) , "slightly or definitely black" (B1 and B2), "grey" (Gl and G2), and "white" (W1 and W2).
This system of classification, rather than one based on the cause underlying the technical defect, was deliberately adopted for the sake of objectivity. Without additional knowledge, it is in general impossible to be sure if, for example, a "grey" flm is the result of fading of the latent image, faulty development, or excessive scatter from obese tissue. Two independent readings were made, and the two readings agreed in about 90% of the cases. In all the remaining cases an agreed assessment was reached by discussion.
It is obvious that the amounts of blackness, greyness, and whiteness do not vary in steps. For the same reasons as those advanced in the case of simple pneumoconiosis an analysis that allows for this will In our analysis we have not been able to distinguish between the effects of "slight" and "definite", either of blackness, greyness, or whiteness, but the proportion of films in the "definite" classes was very small.
Effect of Film Technique in
Single Readings The simplest comparison to make is in the distribution of film categories read in the different kinds of films. Table 1 gives the overall distribution of category readings for acceptable, black, grey, and white films, compared with the number expected if the film quality has no effect on the reading. There are, in fact, large deviations; these mainly appear in the black films, for which too few category 3's were read, and to a lesser extent in the white films, with too few category l's and too many category 2's and 3's.
This was a little unexpected as the readers themselves found it most difficult to read grey films. As only 11 % of the films were black one might expect that the effect of variations in technique should not be too serious. Oldham, 1963 ) that most of these percentages are smaller. Also, the combinations involving bad films differ more from the corresponding ones for separate readings than do those for good films. This is consistent with the idea that there is less random error but some bias when the films are read side by side.
Effect of Combinations of Film
In any case, it is clear that some correction must be made when estimating progression, especially as this must for the present be estimated from separate readings (Wise and Oldham, 1963) . Table 5 . For each kind of film, acceptable, black, grey, and white, the distribution of O's, l's, 2's, and 3's is given in the rows in percentages.
If film technique has no influence on the category being read, the percentages reading down each column should be about the same, apart from random fluctuations. These are smallest, of course, in the larger sub-groups, and these column percentages vary much less than the previous analysis might suggest. The most noticeable feature is that the extreme categories, 0 and 3, tend to occur more often in the distributions for good films than in those for black, grey, and white films. In order to make some allowance for this effect, it must be described quantitatively. In the next section we shall see that although it is impracticable to correct a single category reading for technique, we can do so for a whole distribution for a subgroup of black, grey, or white films.
Smooth Curves Fitted to Distributions of Categories
Read on Good, Black, Grey, and White Films It is well known (e.g. Kendall and Stuart, 1958) that any continuous distribution can by a suitable transformation of the unit of measurement be transformed to any other. The transformation given by Wise and Oldham (1963) (appendix A) turns all the distributions of x-ray categories of simple pneumoconiosis for coal-face workers in one pit had to tend to infinity in the right direction as x tends into normal ones, and what is more important, it to zero or becomes large and positive. In later work does the same for the sub-populations within the (e.g-Rivers, Wise, King, and Nagelschmidt, 1960) the pits. The Figure shows that the fit is often very good, values of y corresponding to the three category boundaries and that the deviations are not in one direction more were changed to 1, 1 9375, and 3-222; the relative spacing 1s about the same, but the transformation simplifies to than another. This normalizing transformation of y = I + 025 (X2 -X-2)
the ordinary x-ray scale will be referred to as the y-scale.
Effect of Film Technique on Corresponding
The mathematical form of the transformation, namely
Distributions of Categories y = 1 0167 + 02233x2 -0-24 x-2
Each distribution, in the y scale, is now described is not important; it was one of the simplest that could be by two constants, the mean m, which is the same as found for which the three category boundaries (x = 1, 2, the 50% point, and the standard deviation s. Both and 3) take the values 1, 1-85, and 3 respectively; it also means and standard deviations were estimated graphically to avoid extensive calculation; a rough correction for technique is all that can be expected on these data. The means m of the transformed distributions are also affected by technique, but in a less regular and comprehensible way; in the first survey the distribution for C films had, on the average, the lowest means, but they were the highest for the second films. However, the graphical method of estimation tends to introduce a negative correlation between the two estimates, so that if s is overestimated, m must be underestimated. This is most serious when m has to be estimated by extrapolation, that is when the 6 proportion of films in category 0 is appreciably greater than 50%. In the second survey this proportion is lower. Hence the results are compatible with the assumption that only the changes in standard deviation are real, and that the irregular changes of mean are artificial. Evidently too, there is a small but real negative correlation between the mean and standard deviation when the mean is large and negative, i.e. when there is really a high proportion of normal films.
Interpretation
There are three possible explanations of these findings. One is that the observers classifying pneumoconiosis are reluctant to read extreme categories on bad films. The second is that observers classifying radiographic technique are reluctant to classify films in categories 0 and 3 as of bad technique. The third is that the effect is one of random observer error which is increased in reading bad films and is acting upon an unusually shaped distribution, a U-shaped one or a bimodal one.
In ordinary bell-shaped distributions of a continuous variable, whether or not it is highly There could also be a larger random error in reading a film whose true position on the continuum was 3-25 than one whose true position was 2 75. These two effects would, on balance, work inwards and increase the number of middle readings 1 and 2 at the expense of 'extreme' readings 0 and 3. Thus an appreciable observer error would contract the observed distribution of categories, compared with the true one.
In the distribution listed in Table 6 , there is less contraction of s for the second surveys, and this is quite consistent with the idea that the excess of O's over l's has decreased from the first survey, while enough l's have become 2's to compensate for the 2's that became 3's. In pit A, on the other hand, the distribution is J-shaped and s is not reduced for bad films in either survey.
It follows that among films from the same survey of the same pit, when the true distribution of categories is bimodal, the worst films are those with the smallest ratio of standard deviation to the corresponding one for good films. On Category 0 means y < 1; category 1, 1 < y < 1-85, category 2, 1-85 < y < 3; category 3, y > 3. The last column gives the ratio of the standard deviations of the black, grey, and white films to that (sc) for the corresponding good film. The values are tabulated only when n > 5. films are much worse than the white and grey ones, which are about equally bad (see also products to the sum of the weights) for log (SB/SC), log (SGISC), and log (swlsc)
The reason for this choice of weighting factor was as follows.
If sp and sc had been estimated analytically from large samples from normal distributions, the variance of log (Sp/Sc) would have been proportional to 1/ W(nc, np).
This seems a reasonable working rule in this case. It was only applied on sub-populations greater than five. Table 7 gives the means of these logarithms, and the corresponding averaged ratios. Whenever the standard deviation s for a distribution in the y-scale among either B, G, or W films was less than the corresponding distributions for C films it was multiplied by the appropriate mean factor; where s was the larger, no change was made. Again no change was made on distributions of five or less. These adjustments for technique were thus on the small side, and the two ends of each distribution are affected more than its middle. Finally, for each pit and survey, the adjusted and unadjusted distributions were pooled.
Conclusions
It is perhaps unnecessary to say that these results do not necessarily hold good in general. But apart from the particular application to analysing radiological progression, they are of interest because they reveal such an unexpected effect of observer variation. For example, our findings seem to be quite incompatible with Ashford's (1959 Table 5 ).
A comparison with Liddell's study is interesting. He has a complete range of quality scores for greyness and for blackness in films. He compared the distributions of category readings of the best and worst films of the same miners. For six out of his eight readers there was very little difference in the readings on grey films, but six out of eight tended to read the black films too high, and one reader read them much too low. Even so the differences are not great. Our black films were more often read too low. Both sets of results can be explained if the random observer error of reading black films was large, and in Liddell's series was acting upon a Jshaped distribution of true abnormality (in the x scale) and in ours upon a more nearly U-shaped one. The two sets of results complement one another if regarded in this way. It appears from his discussion that he doubts this, but it is not at all clear why. Mr. W. G. Clarke has pointed out to us one decided difference between the two series. Liddell's series probably contained many more very poor films. Our films when classed as "slightly black, grey, or white", would have been scored as acceptable by Liddell. About 5 % in our series were "definitely" black, grey, or white, and about 50% in his.
This problem arose during the investigation of radiological progression in the surveys of the Pneumoconiosis
